The present study focuses on the possible influence of large-scale climatic patterns on precipitation, temperature, and discharge in two distinct river basins in the Czech Republic. The first one is a flat lowland basin of the Cidlina River and the second one represents a more mountainous type of climate (the Blanice River). The large-scale climatic patterns used comprise monthly averages of teleconnection patterns, sea level pressure values, and two geopotential heights (850 hPa and 500 hPa). The correlations for corresponding months and also up to a three months lead time were investigated. The relations concerning the corresponding months proved to be most reliable in the winter period of the year. The behaviour of both selected river basins with respect to these predictors is rather similar in character. However, higher values of correlation coefficients are reached in the case of the Cidlina River basin. Considering the prediction abilities with a certain lead time, the results seem to be more promising for the winter and spring periods in both basins. In the Cidlina River basin, they are likely to be beneficial also for the late summer and autumn period.
INTRODUCTION
Teleconnections between large-scale climatic patterns and meteorological records concerning particular areas of the world are a widely discussed topic. One of the main reasons for this investigation is the possible predictability of hydrometeorological variables based on large-scale circulation patterns or other characteristics of the atmosphere-land surface system. These variables, estimated with a certain lead time, might serve as the input dataset for hydrological models within hydrological forecasting systems. The question of the improvement and also increasing lead-time of hydrological forecasts is one of principal tasks of water management (Vörösmarty, 2002) , especially in the context of possible changes in the hydrological regime (Hanel et al., 2012) . Hence, investigation of the indices for long-range prediction of hydroclimatological variables is essential to assist future allocation of finite water resources (Wedgebrow et al., 2002) .
The predictors that are usually used for this purpose can be represented by a variety of climatic indices and variables. The climate over Europe is related mainly to the North Atlantic sector, which is ordinarily captured by the North Atlantic Oscillation (NAO) (Hurrell, 1995) . Thorough research has been conducted relating the NAO to temperatures (Pozo-Vázquez et al., 2001; Wang et al., 2011) , precipitation (Uvo, 2003; Bartolini et al., 2009) or directly to discharges (Shorthouse and Arnell, 1999; Rimbu et al., 2002) . Pekárová and Pekár (2007) recently investigated teleconnections of streamflow fluctuations in Slovakia with Quasi-Biennial Oscillation (QBO), Southern Oscillation (SO), NAO, and Arctic Oscillation (AO).
Other sources of valuable information on the basins' hydrometeorology are represented by the sea level pressure (SLP) (Steinschneider and Brown, 2011; Wilby et al., 2004) and the geopotential height (Oubeidillah et al., 2011; Rimbu et al., 2002) . Various combinations of all these datasets that might further serve as potential predictors of the hydrological and meteorological time series are used as input data mainly for regression types of models (Folland et al., 2012; Svensson and Prudhomme, 2005) . The main aim of this study is to assess possible connections between the various circulation indices and meteorological, as well as hydrological, datasets up to a lead time of three months. This will constitute a first step to construct a seasonal hydrological forecasting system in the conditions of the Czech Republic.
DATA AND METHODS
Two different river basins were used as areas of interest for the purpose of this study. Special attention was paid to the fact that these areas should represent climatically distinct zones. Thus, the first one is a flat lowland river basin, while the second one represents a more mountainous type of climate. The earlier is the Cidlina River basin (CRB) and the latter is the Blanice River basin (BRB) (Fig. 1) .
The BRB may be split into two distinct parts separated by the Husinec Dam. This study deals with the hydrometeorological time series from the lower course below the Husinec Dam (the presence of which partially influences the rainfalldischarge relationship). Area of the BRB is 647 km 2 . The CRB is located in sufficient distance from the BRB, which might lead to a different relation of the basin's hydrometeorology to the circulation indices or other large-scale meteorological variables. The studied part of the CRB to the Nový Bydžov gauging station has an area of 455 km 2 . The climatic data sets were mostly selected to represent the climate over central Europe. Data sets can be divided into two major groups. First are the teleconnection patterns. Only the major patterns characterizing both the zonal and also meridional wind flow over Europe were considered. The NAO index (Hurrell, 1995) , the North Sea-Caspian Oscillation (NSC) (Kutiel and Benaroch, 2002) , Mediterranean Oscillation Indexes (MOI1 and MOI2) (Palutikof et al., 1996) and the Trans Polar Index (TPI) (Jones et al., 1999) . These five patterns were obtained from the Climate Research Unit of the University of East Anglia website (CRU). The East Atlantic Pattern (EA), East Atlantic/West Russia (EA/WR), Scandinavian Pattern (SCAND), Polar/Eurasia (POL) defined by Barnston and Livezey (1987) , and AO (Thompson and Wallace, 1998) are available at the National Centre for Environmental Protection/Climate Prediction Centre (NCEP/CPC) website. The raw data consisted of time series of monthly averaged values, which are available from January 1950. In the pre-processing, the cross correlation analysis between chosen patterns was conducted. It was found that some of the indices are analogous or connected. The most obvious is the relation between the NAO, AO, MOI and EA, which is based on reflecting the strength of westerlies. Close relationship was also observed between the EA/WR and the NSC, which are based on the same pressure pattern. Moreover, from January to June the SCA is inversely correlated with the NAO, AO and MOI, which corresponds to the role of blocking anticyclones over Scandinavia.
Second, the spatially distributed values of the sea level pressure (SLP), 500 hPa geopotential height (GHT500), and 850 hPa geopotential height (GHT850) with a spatial resolution of 2.5 by 2.5 degrees longitude/latitude are used. The daily values of SLP, GHT500s, and GHT850s for the extraction window of the Eurasian Quarter-Sphere (90N to 0N, 90W to 90E) are available at the CRU website and originate from the NCEPNational Center for Atmospheric Research reanalysis project (Kalnay et al., 1996) .
The hydrometeorological data for the BRB and the CRB basins are represented by the series of mean areal temperatures (MAT), mean areal precipitation (MAP), and discharges. Both mean values are constructed by the method of Thiessen polygons using 12 precipitation stations for the BRB and 9 stations in the case of the CRB. Temperature data originate from three stations for each river basin. The data sets for the BRB are available for the period of 1980-2002. The study period for the CRB is restricted to the years 1990-2009. The time-series of discharges originate from the gauging stations in Heřmaň (BRB) and Nový Bydžov (CRB). All the data sets were obtained from the Czech Hydrometeorological Institute.
RESULTS

Correlations for the same month
Periods and areas of significant correlations (given by 95 % percentile of the empirical probability distribution) are identified by the correlation analysis. Datasets span from 1980 to 2002 (BRB) and from 1990 to 2009 (CRB).
The strongest link between the circulation patterns and hydrometeorological conditions was found for the winter season (October-February). January and February have the highest correlation values of 0.6-0.8 concerning the MAT. The correlations are mostly positive. Negative values are obtained in the case of EA/WR, SCA, TPI, NSC and POL patterns. A slightly closer relationship between temperatures and circulation patterns was found in the BRB; however, focusing on the precipitation amounts, higher correlations are found in the CRB (up to 0.75 using the MOI). The correlations with MAP are insignificant for the mountainous BRB.
Only weak and insignificant correlations are found in the warmer months of the year, where correlations with all hydrometeorological variables are mostly below 0.4. The most obvious exception is the relationship between the MAT in both basins with the EA pattern (correlation coefficient is higher than 0.5 in the majority of months). The weakest correlation between EA and MAT is in July, when it is substituted by the strong relation of MAT to the NSC oscillation for both river basins. Additionally, June precipitation and also discharge values in the CRB might both be related positively to the SCA or negatively to the MOI and the NAO.
The relation between SLP and the hydrometeorology in both basins is different at different times of the year. In the warmer period of the year, no consistent pattern is observed in either basin. On the other hand, there is a distinct pattern from October to March for the MAT data in both basins. It is represented by the dipole of SLP, with one centre near Iceland and the second around the Canaries. This is consistent with the observed relations based on circulation patterns that represent the NAO-like scheme. This typical relationship is documented in Fig. 2 . Nevertheless, considering the MAP and discharge, no obvious pertaining relationship with SLP was found in either basin even during the colder part of the year. Only in the case of the CRB, a field of negative correlations coefficients between SLP and MAP was located to the North Sea-southern Scandinavia region spanning from January to May and September to October. This was also documented by the values of SCA, NSC and EA/WR patterns.
Another possible variable which might be related to hydrometeorological datasets of the Czech Republic is represented by the geopotential height. Geopotential height might be roughly described as the height of certain pressure level above sea level, which means it also characterizes the atmospheric pressure patterns, although with more emphasis on its vertical extent. The GHT850 shows a similar pattern to the results from the SLP analysis. In both studied areas, the characteristic dipole is present considering the MAT data from October to March. These results correspond to the NAO-like pattern, as do the SLP datasets. Besides this particular dipole which is related to the MAT, an area of significant negative correlation with MAP is also present in the CRB. This area of negative correlation is located above southern Scandinavia, the Baltic and the North Sea and spans from January to May (Fig. 3) . Similar link between MAP and the GHT850 datasets is present in September and October, but the centre of the field shifts southwards above Germany and becomes less pronounced. This link is evident in both studied basins, but it is less obvious in the BRB. The same characteristics might be generally applied to the GHT500 data, taking into account both areas, although there are minor differences. The most evident is the absence of the characteristic dipole (considering the relation of GHT500 data to MAT) at the end of the year. In the case of the GHT500 time series it can be observed only from January to March.
Predicting the hydrometeorological variables from the large-scale climatic indices and variables
When using circulation patterns, only a few relations between their values and hydrometeorological variables are beneficial. The correlation coefficients concerned with up to a 3 month lead time are depicted in Table 1. In the Table 1, all the correlations are significant at least at the 95% percentile level. The results for the BRB are generally worse than those obtained for the CRB, as the correlation coefficients are rather lower. The majority of closer relations between circulation values and hydrometeorological data occur in the period from October to March. Only a few possible predictors (moreover with longer lead times) can be found for the summer period in the BRB. Considering CRB, the number of predictors for the summer period is higher for the precipitation and discharge estimation. As shown in Table 1 , the winter predictions are mostly based on the NAO, AO and EA oscillations, implying the prevailing influence of the North Atlantic climate on the hydrometeorological variables in the Czech river basins in the winter. During the summer the influence of the second group of oscillations characterizing the meridional air masses movement represented e.g. by EA/WR, MOI or SCA is also detected. Examples of atmospheric circulation values and MAP for both basins in January and July are illustrated in Fig. 4 . Although the correlation coefficients values are not negligible, it may be deduced that sometimes the higher value of one predictant does not correspond to the desired (higher or lower) value of the predictor. Fig. 4 . Relations between circulation patterns and MAP for the Blanice River (left two panels) and Cidlina River (right two panels) in January and July.
In the case of spatially distributed climatological variables, the correlation analysis was performed for the entire study domain. However, for the prediction purposes only the grids of maximum correlation coefficients were used. The use of the SLP dataset for prediction of the basins' hydrometeorology is limited. Although the correlation coefficient might reach values of ± 0.7, no pattern is obvious for the lead times from one to three months. The climate data and discharges could be predicted better for the CRB than for the BRB. The best predictive abilities are therefore constrained to the CRB area, namely to the estimation of discharge in the late summer and autumn months (August, October and November) and MAP in winter months (January-March). The discrepancy between predictive ability for Q and MAP in October and November is caused by the weaker correlation observed even in the measured data. Certain correlations are found, but they are not that significant. Correlation coefficients range from 0.3-0.5. Therefore they are not listed in Table I . The correlation coefficients for chosen months are depicted in Table 1 . For the BRB, no effective relationship between climate and the SLP was found. The last variables tested for their potential predicting skill were GHT500 and GHT850. Using both geopotential heights, no long-lasting patterns that span more than one month were observed. GHT500 can be mainly related to the discharge in the BRB, with the correlation coefficients only rarely reaching values of 0.6-0.7. The most useful relations are between the August GHT500 over Alps and the average September discharge and the April GHT500 from the area of the Shetland Islands and July MAT (Fig. 5) . A higher amount of helpful correlations is available for the CRB. The most useful ones are for selected months recorded in Table 1 . The majority of them are limited to the estimation of precipitation or discharge. The GHT850 datasets represent a beneficial predictor of the CRB discharges and precipitation amounts. The BRB basin climatology could be even less well predicted by the GHT850 da taset as only three beneficial links between GHT850 and discharges were found. 
CONCLUSIONS AND DISCUSSION
The climatic oscillations proved to be linked to the basins' hydrometeorology more tightly in the late autumn and winter months (October-March). The highest correlations were found especially for January and February, which corresponds to the finding of Pozo-Vázquez et al. (2001), Cahynova and Huth (2009) and Brázdil et al. (2009) . The correlation between precipitation and NAO values is not that significant even in the above mentioned winter period, as previously shown by Bartolini et al. (2009 ) or Marshall et al. (2001 . Shorthouse and Arnell (1999) showed that it may be difficult to link the NAO directly to discharges in the Central European region, which was also proved in this study. According to winter (JanuaryMarch) correlations, the circulation patterns could be split into two groups. The first was represented by NAO, AO, MOI and EA, which are correlated with the basins' datasets rather positively (most pronouncedly with MAT but also with MAP and discharges). Conversely, the second group which contains EA/WR, NSC, SCA and POL, is mostly negatively correlated to the basins' hydrometeorology. The reason is that these teleconnections characterize a similar pattern, which is based on the east-west dipole considering also the Eurasian continental pressure values. The rest of the teleconnections characterize instead the pressure patterns over the Atlantic Ocean or the Mediterranean Sea. Generally, the connection between the oscillation data and the basins' hydrometeorology has a similar pattern in both areas. However, the relations are less evident in the case of the BRB, which could be attributed to the possible influence of the nearby mountain range that plays a significant role in the basin's climate. Considering possible use of oscillation datasets for predicting purposes, the climate data and discharges could also be better predicted for the CRB basin than for the BRB. In the BRB, the winter and spring periods are the only periods of the year in which the weather could be estimated in advance. The NAO/AO/MOI/EA group of oscillations should be used in this period. The winter and spring predictability is valid also for the CRB. In addition, the summer weather might be estimated in this basin; however, based on the EA/WR/NSC/SCA/POL group of patterns. A few regularities were observed when relating the values of the SLP, GHT 500 and GHT 850 to the corresponding months' hydrometeorological datasets. Distinct pattern from October to March is observed in both basins for the MAT data. This is represented by the dipole of SLP with one centre near Iceland and the second around the Canaries, which is consistent with the NAO scheme. Moreover, the MAP records from the Cidlina River basin could be negatively related to SLP values in southern Scandinavia and the North Sea in the periods of JanuaryMay and September-October. The geopotential data generally correspond to the NAO pattern observed in SLP. Using these three predictor datasets for estimating the weather in advance is of limited use, because persistent correlation patterns are not identified and they seem to be randomly distributed. Generally, it might be stated that they are more suitable for the flat lowland CRB, where a few relations were found.
The physical explanation of the relations is troublesome, namely because of their temporal and spatial character. However, the vast majority of predictive relations is restricted to the area of the North Atlantic region or southern Scandinavia. Thus, they characterize the pressure field in this region, which in turn influences the position and the strength of the jet stream (Hannachi et al., 2011) . Jet stream characteristics have profound influence on the weather conditions not only in the Czech Republic, but over entire Europe (Franzke et al., 2011; Francis and Vavrus, 2012) . The link between jet stream position and the large scale climatic patterns was showed, e.g. by Blackburn (2012) .
From the hydrological point of view, identified relations offer the possibility of introducing a seasonal probabilistic hydrological forecasting system which would be most reliable for predicting the period of high spring discharges in both river basins. In the case of the flat lowland region of the CRB it is also likely to be beneficial for the late summer and autumn periods which are prone to water deficiency in this particular area.
